Characterization of the zinc binding site of bacterial phosphotriesterase.
The bacterial phosphotriesterase has been found to require a divalent cation for enzymatic activity. This enzyme catalyzes the detoxification of organophosphorus insecticides and nerve agents. In an Escherichia coli expression system significantly higher concentrations of active enzyme could be produced when 1.0 mM concentrations of Mn2+, Co2+, Ni2+, and Cd2+ were included in the growth medium. The isolated enzymes contained up to 2 equivalents of these metal ions as determined by atomic absorption spectroscopy. The catalytic activity of the various metal enzyme derivatives was lost upon incubation with EDTA, 1,10-phenanthroline, and 8-hydroxyquinoline-5-sulfonic acid. Protection against inactivation by metal chelation was afforded by the binding of competitive inhibitors, suggesting that at least one metal is at or near the active site. Apoenzyme was prepared by incubation of the phosphotriesterase with beta-mercaptoethanol and EDTA for 2 days. Full recovery of enzymatic activity could be obtained by incubation of the apoenzyme with 2 equivalents of Zn2+, Co2+, Ni2+, Cd2+, or Mn2+. The 113Cd NMR spectrum of enzyme containing 2 equivalents of 113Cd2+ showed two resonances at 120 and 215 ppm downfield from Cd(ClO4)2. The NMR data are consistent with nitrogen (histidine) and oxygen ligands to the metal centers.